Forty-eight patients aged 2 to 18 years underwent surgery for the correction of convergent strabismus. Anaesthesia was maintained using nitrous oxide, oxygen and halothane in 24; the remainder received nitrous oxide, oxygen and trichloroethylene. Shed blood was collected on to cotton wool pledgets and the quantity calculated after lysis of the red cells with liberation of oxyhaemoglobin. The loss was significantly greater in the trichloroethylene group (0.17 ml ±0.15) than in the halothane group (0.09 ml ± 0.06). The differences between the two agents are of little importance in the surgery of squint, but it is suggested that halothane is to be preferred for intraocular surgery.
During surgery for the correction of convergent strabismus blood loss is nearly always insignificant, being usually less than 1 ml. Such a small quantity can easily be measured using a photoelectric estimation of the haemoglobin extracted from used swabs. This operation, therefore, provides a useful means of comparing anaesthetic agents or methods for their effects on peripheral blood vessels.
METHODS
Two groups of twenty-four patients underwent surgery for the correction of convergent strabismus. Anaesthesia was maintained in one group using nitrous oxide, oxygen and halothane, and in the other with nitrous oxide, oxygen and trichloroethylene. Each patient in one group was accurately "matched" with a patient in the other group with regard to age, surgeon, premedication and anaesthetic induction, and the only difference in the anaesthetic management was the supplement to nitrous oxide and oxygen. Most of the patients were children but the ages ranged from 2 years to 18 years with a mean age of 6.6 years; in the halothane group the mean was 6.9 years and in the trichloroethylene group the mean age was 6.3 years. Patients were selected initially in a random manner although usually alternate patients received the same volatile anaesthetic agent.
Anaesthesia.
The patients were premedicated with either nepenthe and atropine or quinalbarbitone and atropine. The dose of nepenthe was 0.06 ml (1 minim) per year of age and the dose of quinalbarbitone varied from .15 mg to 90 mg depending on the age of the child; 0.6 mg of atropine was invariably given to each patient. All matched pairs received similar premedicants and anaesthesia was induced with nitrous oxide, oxygen and supplement. When the patient was asleep suxamethonium was given intravenously and the trachea was intubated with a plain rubber Magill tube of the largest size that could be passed comfortably through the larynx; 5 per cent cinchocaine wax was used as the lubricant.
In patients under 5 years old, a T-circuit was used with a fresh gas flow estimated to be twice the minute volume, and above this age a Magill attachment was used with a fresh gas flow equal to the patient's minute volume. The patients were maintained in what was judged to be clinically adequate surgical anaesthesia corresponding to plane II stage 3 in Guedel's classification: by this it is meant that respiration was regular and not strained, and that the eyes were central and immobile. Care was taken to ensure that the patient was completely horizontal in order to avoid the effects of postural hypotension, that there was no compression of the neck veins, and that coughing and straining did not occur.
Collection and estimation of blood loss.
The operation for the correction of the convergent squint consisted of medial recession only or a medial recession together with a lateral resection. The blood was collected only from the medial recession wound which was invariably dosed before the lateral resection was started. All shed blood, including that which had collected in the fornices, was absorbed in one or two cotton wool swabs. No blood escaped outside this area during the operation. The swabs were dropped into a 30-ml screw-topped glass specimen bottle which contained 4 ml of 0.04 per cent ammonia solution. This immediately lysed the red cells and liberated the haemoglobin which was converted to oxyhaemoglobin.
During induction of anaesthesia, a sample of blood was taken by venepuncture (prior to giving suxamethonium) and the patient's haemoglobin estimated. Each specimen bottle with its contents was rotated for 1 hour to ensure that all the haemoglobin had entered solution and serial dilutions were made of the resulting solution with 0.04 per cent ammonia solution until a satisfactory reading could be made on an EEL haemoglobinometer.
As 0.02 ml of blood containing 14.8 g of haemoglobin per 100 ml diluted to 4 ml with ammonia solution produced a deflection of 100 per cent, the total blood loss during the operation was calculated as requiredXO.02 haemoglobin of patient Blood loss varied between 0.02 and 0.64 ml. If the blood loss was small no dilution of the specimen was necessary, whilst in the most concentrated specimen a dilution of 32 times was made. The specimen solution was diluted until it produced a deflection on the haemoglobinometer which corresponded to a haemoglobin reading of between 60 and 120 per cent, this being found to be the most accurate range of the instrument used.
The accuracy of the method of collecting and estimating such small quantities of blood was tested by taking known quantities of blood and dropping them on to small pledgets of cotton wool and treating them similarly to the clinical specimens. The blood used for this had a haemoglobin content of 101 per cent and the blood was measured in a 0.1-ml pipette which was graduated to 0.001 ml. It was found ( fig. 1 ) that up to 0.3 ml the experimental error exceeded 5 per cent in only one instance, i.e. at the 0.04-ml level. The mean error is 3.6 per cent and in most cases is in a negative direction; this probably signifies inadequate extraction of blood from the swabs. As could be anticipated, the errors in the very small quantities are the greatest and are the most erratic, whilst in the larger quantities the inaccuracy is much more uniform and predictable.
RESULTS Table I shows the actual blood losses incurred by the patients in the two groups. The loss was significantly greater in the trichloroethylene group (0.17 ml ±0.15 compared with 0.09 ml ±0.06 after halothane; this is significant at the 2 per cent level). There was a much greater scatter of values in the trichloroethylene group compared with the halothane group. The range was fairly similar (0.01 ml to 0.23 ml for halothane and 0.02 to 0.64 ml for trichloroethylene) but it is apparent that halothane produced a more predictable blood loss ( fig. 2 ). It can be assumed that it is virtually impossible to collect all the blood lost in the operative field although this was attempted. It can also be assumed that the small quantity left will be in direct proportion to the total and it is suggested that this will therefore be a factor constant to both groups of patients and so will not affect the difference between them. The blood loss was apparently unrelated to the patient's age and did not increase, as might be expected, with increase in age. This suggests that the blood was lost from small vessels or capillaries and is more closely related to anaesthetic drugs than to the surgical method. Halothane produced more conjunctival vasodilatation than trichloroethylene but, as the results show, this was not associated with increased bleeding. It is felt that arterial hypotension due to halothane does not account for the findings because the blood pressure was never found to be appreciably reduced. Hypotension due to peripheral vasodilatation can be associated with increased bleeding due to increased tissue perfusion. Three surgeons operated on the patients in this series. The first four pairs were operated on by a surgical registrar, the next six pairs by a second surgical registrar and the last fourteen pairs by a consultant ophthalmic surgeon. There was little difference between the results obtained at the hands of the three surgeons except that the consultant's results were slightly more uniform.
The small quantities of blood involved may have little importance in squint surgery but these same amounts may well have great significance in intra-ocular surgery and for this purpose it appears that halothane is the better anaesthetic agent. The failure of a muscle to unite may be related to bleeding shortly after suturing and a small haematoma could separate the muscle and the sclera. It is conceivable that'trichloroethylene increases this tendency.
HEMORRAGIE PAR PLAIES CONJONCTIV-ALES: COMPARAISON DE L'HALOTHANE ET DU TRICHLORETHYLENE
SOMMAIRE 48 malades ages de 2 a 18 ans ont subi une intervention pour la correction d'une stxabisme convergent. L'anesthesie a eti obtenue par l'oxyde nitxeux-oxygenehalothane chez la moiti£ et par l'oxyde nitreux-oxygene-trichlorithylene chez les autres. Le sang ecouli a 6ti recueilli sur des tampons d'ouate et la quantiti en a iti calculee par le titrage de l'hemoglobine apres conversion en hematine alcaline. L'hemorragie a iti sensiblement plus grande dans le groupe a trichlortkhylene (0,17 ml ±0,15) que dans le groupe a halothane (0,09 ml±0,06). Les differences entre les deux agents sont de peu d'importance dans la chirurgie du strabisme, mais on suggere qu'il faut prefirer l'halothane pour la chirurgie intra-oculaire.
BLUTVERLUST Before discussing the contents of this most unusual book it is necessary to quote verbatim from the preface: "Subject matter of the topics is intended to serve as framework upon which the instructor may build complete formal conferences. The resident can follow the discussions and take brief additional notes rather than voluminous ones. . . . This volume is presented with the hope that the resident will be stimulated, by continual collateral reading, to become a competent consultant and perhaps a clinical investigator as well." This terminology indicates that the book is intended mainly for American readers and that the fifty-three chapters are each to form the basis for a lecture to junior staff. To quote from the dust cover, "The fifty-three sections and supplementary illustrations provide basic material for approximately one hundred and fifty such conferences." The book must be considered with this object in mind because it does not affect us directly in this country, where we do not have such an excess of didactic teaching, but if one has to try and produce a competent anaesthetist in two years then it is obvious that there is some place for such a method.
It consists essentially of a series of headings listed in order which makes their discussion easy. These in themselves give no indication of their importance or how one should read around them. Each chapter contains a few references but these are very scanty and consist mainly of books such as John Adriani's The order of chapters appears somewhat strange, e.g. chapters 4 and 5 deal with pharmacology of gaseous agents and volatile agents respectively, while chapter 6 discusses the absorption and transport of anaesthetic agents. One might have thought that the latter should have come before discussion of individual agents. If one were to select chapter 6 ("Absorption and transport of anesthetic agents") for mention as a typical chapter it would appear to be quite inadequate for a book entitled Comprehensive Background for Anesthesiology. There is no scheme at all as to what happens to drugs in the body. Page 32 contains a table from a source not mentioned which quotes numerous references by number but does not give these in the text. On the next page a table is included which deals with "the percentage of clearance of venous blood in one passage through the lung during emergence from anesthesia" but does not mention Dr. John Severinghaus. Following this we read of an analogue computer which is dismissed in five lines without mentioning how much value it is. In the next chapter on intravenous agents we have mention of addiction to these drugs, the potential liver toxicity and the fact that they cause dilatation of the spleen. Undoubtedly these will make useful topics for discussion but there is no guidance to the instructor as to what to do with the appropriate headings.
The basic idea behind the book is fair enough but the presentation could be improved. It is best suited perhaps to the multiple choice examination question. No doubt it will find a useful place in its country of origin. It is clearly set out on high quality paper but one i3 unlikely to find teachers or postgraduate students who will find that the price which they have to pay for it is a good investment J. W. Dundee
